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LIMER EXPANDER 

This invention relates to a constant force spring device, and 
mre particularly, to a device for expanding a lUBtailic liner wherein an 
expanding die Is urged against the liner by a constant force spring device. 

Heretofore, a method and apparatus have been developed for 
installing an expanded aetalllc liner In an oil well or other conduit. 
O^yplcally, a corrugated steel Uner Is inserted In a conduit vhlch is to be 
lined, the greatest peripheral dimension of the liner being slichtly less 
than the inside diameter of the conduit. An eaqpandlng tool is passed 
through the liner placed In the conduit, and a first-stage expanding die 
causes a gross plastic deformation of the liner, which Is expanded outwardly 
against the Inside of the conduit. A second-stage die on the tool then 
provides an additional finer defonnatlon of the liner to provide a smoother, 
more finished surface on the Inside of the liner and to assure more cQiq>lete 
contact between the conduit and the liner. In a typical design of this type 
expanding tool, the frlctlonal drag of the first-stage die supplies the 
expanding force for the second-stage die, which expanding force is a direct 
function of the strength, or wall thickness, of the conduit In which the 
liner is being Installed. For e3caoq;>le, in lining oil weU casing, heavy 
wall casing may cause a veiy high frlctlonal force which results In excessive 
pressure being required to push the eaq»ander through the liner. The 
application of the great forces reg^lred may result in rupture of the casing 
or in breaking the installing tool. In instances vbere the internal 
diameter of the conduit is somewhat less than that anticipated, the result- 
ing forces can cause the tool to become stuck in the casing, or otherwise 
cause damage to the casing and the tool. In other designs, such as itere 
a cantilever spring arrangement is eB5)loyed in connection with the second- 
stage die, various difficulties are encountered in obtaining a spring 
nffichanism having the desired strength In combination with the other spring 
characteristics, and with the tool dragging against the Inside wall of the 
conduit after being passed through the liner. 
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since tools of the type mentioned above often are employed in wells 
deep In the ground, It Is highly preferable that a tool be used which under no 
circumstances will become stuck In the well or cause damage to the well. Any 
such trouble occurring In a weU can result In considerable loss in time and 
great expense in making repairs. 

An object of the present invention is a device for applying a con- 
stant force to an expanding die or other similar apparatus so that a pre- 
selected maximum force is exerted against a work piece. Another object is an 
improved expanding tool for installing metallic liners in a conduit, which 
expanding tool can apply no greater than a predetermined force to the liner 
being Installed in the conduit. Still another object of the Invention is an 
economical and easily fabricated constant force spring device. A further 
object is a rugged, easy-to-operate expanding tool employing such a spring 
device. These and other objects of the invention will become apparent by 
reference to the following description of the invention. 

In accordance with the present invention there is provided a con- 
stant force spring device which comprises a body member, an elongated column 
element adjacent said body member, bearing plate members contacting the two 
ends of said column at least one of said bearing plate members being longi- 
tudinally movable In respect of the other and stop means on said body member 
to limit the deflection of said column element to prevent permanent deforma- 
tion of said column element upon the application of a compressive load 
thereto. In one embodiment of the invention, the foregoing constant force 
spring device is employed in a tool for expanding a metalUc liner inside 
a conduit, said constant force spring device being positioned on said tool 
to urge an expanding die moober against the liner being installed in the 
conduit by a substantially constant force. 

My invention will be better understood by reference to the follow- 
ing description and the accoinpanylng drawings i^erein: 
30 Figures U, IB and IC, taken together, constitute a partial sec- 

tional view of a preferred embodiment of a liner expanding tool according to 
the present invention; and 
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Figure 2 is a sectional view of the apparatus of Figure lA taken at 
line 2-2; and 

Figure > Is a typical plot of applied Load versus Deflection for 
the constant force spring device of the Invention. 

Referring to the drawings. Figure lA is the bottom portion of a 
liner expanding tool for use in installing a metalUc liner In a well, while 
Figure IB illustrates the middle section of such a tool and Figure IC repre- 
sents the upper section of the tool. The expanding tool 11 is attached to 
standard well tubing 12 by coupling 13 and, typically, may be lowered from the 
surface through a well casing (not shown) to a point in the casing at which it 
is desired to install a metallic liner. Before Inserting the tool into the 
well, an elongated vertically corrugated liner Ik fabricated from mild steel, 
or other suitable malleable material, is placed on the tool. The corrugated 
liner is secured in position by contact at its upper end with a cylindrical 
shoulder member 16 and, at its lower end by contact with a first-stage expand- 
ing die 17 in the form of a truncated circular cone which serves as a first- 
stage expanding die in the manner hereinafter described. The expanding die is 
fixedly attached to a centrally located, elongated cylindrical hollow shaft 18 
which forms a portion of the body of the tool. As shown, the expanding die 1? 
is held in place between a lower shoulder 19 and collar 21 threaded onto the 
shaft. A pluraUty of movable arms 22, preferably provided with outwardly 
enlarged portions 23 near the top, are disposed in the form of a cylinder 
around shaft l8. The enlarged portions of the arms 23 upon being moved out- 
wardly contact the liner to perform the final step of expanding the corrugated 
liner into a substaatiaUy cylindrical shape. The am members 22 are plvotally 
attached to the shaft so aa to be movable outwardly from the shaft by a tapered 
expanding member alldably positioned on the shaft to serve aa a second-stage 
expander, IhQ surface of the member as shown, moves upwardly along the 
shaft to engage with the ams and move them outwardly. Advantageously, the 
Inside surfaces of the ams 22 and the outside surface of expanding member A 
torn mating sections, typically octagonal In shape. The ejcpanalon of the am 
members is controlled by the position of the member 21* which moves upwardly 
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until it contacts shoulder 26 provided on the shaft. As oember 2k moves in a 
dovnvordly direction arms 22 fold inwardly toward the shaft. 3he expanding 
ams 22 are held in place on the shaft by collar 2? and circular groove 28 
provided on the shaft. 

The expanding tool, comprising the first-stage die and the second- 
stage die is drawn through the Uner to expand it in place in the casing. The 
first-stage die provides a gross deformation of the liner so that it is 
expanded outwardly against the wall of the casing. The second-stage die then 
passes through the Uner and performs the final expansion to smooth the inner 
surface of the Uner and to provide more even contact between the Uner and 
the wall of the casing and effect a fluid-tight seal. 

In operation, the liner setting tool is assembled at the surface, as 
described above, and a glass cloth saturated with a resinous material may be 
wrapped around the corrugated tube to form the Uner. The assembly is lowered 
into the well at the location at which the Uner is to be set. A Uquld, such 
as oil, 18 then pumped under pressure down the well tubing and flows through 
the passageway 29 provided in poUehed rod 31, through ports 52 and into cyUn- 
der 53 connected to the upper end of the shoulder 16. the appUcation of 

fluid pressure to the cylinder, the piston % secured to poUshed rod 31 moves 
upwardly In cylinder 33. As shown, rod 36 connects polished rod 31 and shaft 
18 upon which is mounted the first-stage expanding die 1?. When the piston 34 
moves upwardly through the cyUnder 55 the expanding die 1? and the second- 
stage die 22 are drawn upwardly into the corrugated Uner Ik and "iron out- 
the corrugations in the Uner, so that the expanded Uner may contact the 
inside waU of the casing In which it is being installed. PoslUoned on the 
shaft below the expanding member 2k is constant force appiag member 37 which 
is employed to urge the expanding meaiber agaiaat the expanding arms 22 with a 
substantially constant, force. The force exerted against the am members being 
substantiaUy constant, the force transmitted throu^ the am aeabera to the 
Uner and to the casing wlU be substantially constant so that either sUcking 
of the tool in the casing or rupture of the easing la precluded. Of course, 
the force provided by the spring member is preselected so that the frictionnl 
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forces between the tool and the liner and the pressure exerted against the cas- 
ing are maintained at predeteirmlned safe levels. The constant force spring 
member assures that the contact pressure between the liner forming portion 23 
of the arms 22 Is great enough to provide the desired deformation of the cas- 
ing, while preventing damage to the casing or to the tool. 

The constant force spring member 37 Is slldably mounted on the shaft 
Id and held between the expanding element 24 and a cylindrical lower shoulder 
member 38 forming a portion of a differential sorew element 39 vhlch transmits 
the loading on spring member 37 to shaft member l8. The differential screw 
10 element comprises shaft member l6 on the outside of which are cut male threads 
iSa, the lower shoulder member 38 provided with female threads 38a and thimble 
member hi provided with threads 4la and kit on the outside and the inside, 
respectively, to engage with threads on the shaft and the shoulder. The two 
sets of threads are coarse, such as square, modified square, or Acme threads, 
to withstand very hlg^ loads and differ In pitch so that shoulder 3d is moved 
upwardly on the shaft 18 when the shaft Is revolved relative to thimble kl. 
The shoulder 3d is secured to the shaft 18 by splines so that it can slide 
longitudinally, but it Is not free to rotate on the shaft- Fixedly attached 
to the lower end of the thimble Is a friction member, such as bow springs 42, 
20 a hydraullcally actuated friction pad, or other such device for frictlonally 
engaging with the inside wall of the conduit to secure the thimble against 
rotation with respect to the shaft. Preferably, the direction of the shoulder 
member threads 38a is the same as that of the shaft threads Ida, e.g. rl^t- 
hand threads, and the pitch, or lead, of threads l8a is slightly greater than 
that of threads 3da, with the pitch ratio being close to unity. In this 
manner, clock-vise revolution of the shaft relative to the thimble causes 
shoulder member 38 to advance upward sllgbtly and a compression load la exerted 
v^vardly on spring element 37 to cause buckling. For example, one satisfactory 
differential screw was made up using five and one-half threads/inch square 
30 .threads on a shaft approximately 1.7-lneh outside diameter and five and three- 
quarters threads/inch square threads on a shoulder approximately 2.3«>inehes 
inside diameter. 
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Constant force spring element 57 comprises column element If3, advan- 
tageously consisting of a plurality of elongated columns disposed around shaft 
16. Upper bearing plAte member kk is in "contact with the upper ends of the 
columns and is slidably positioned on shaft I8 to transmit the force of the 
spring longitudinally against the bottom end of expander member 24. Lover 
bearing plate member 46 contacts the lover ends of the coliamns and is moved 
upvardly along the shaft by longitudinal movement of lover shoulder 38 as a 
result of revolving differential screv element 39* Grooves kj are provided 
in each of the bearing plates, to form an upper race and a lover race, into 
vhlch the ends of the columns are Inserted. These grooves may be shaped to 
conform with the s.-iape of the column ends if desired. A cover kQ nay be 
employed to exclude foreign matter from the spring mechanism and to protect 
the spring. 

A means for limiting the deflection of the columns is required. 
Although the column element functions In a buckled condition, application of 
excessive compressive load thereto would cause total failure or rupture of the 
columns. Therefore, a pair of stops U9 and 49a are provided for this purpose. 
As shown, the stops are rigidly connected to the bearing plates, and, in 
effect comprise upper and lower limiting sleeves positioned on the shaft to 
slide longltudlnaUy thereon. Otoe ends of the stops may mo -e toward, or away 
from, each other as the load on the spring member varies. Lower sleeve U9a 
is prevented from moving down by lover shoulder 38 connected to the shaft I8. 
However, the spacing between the ends is such as to limit the longitudinal 
travel of the bearing plate members as they move together to prevent permanent 
defoimatlon of the column element 43. Various altenxatlve means for prevent- 
ing damage to the column element nay also be employed. For exa]q>le, pins or 
rings mounted on the shaft may serve as stops, or the cover 48 provided with 
suitable connections may be ei^ployed for this purpose to limit longltuilnal 
and/or lateral deflection of columns. 

The columns of the column element 43 may be arranged around the 
shaft 18, ^ch as shown here foms a portion of the body of the spring 
device, with ends of the columns fitted in the races 47. The columns may be 
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ritted closely together as shown, or may be spaced aroun-i the race, vith sepa- 
rators used betveen them to maintain the desired sr-aclng. The number of 
columns employed will depend u;«n column characteristics and the materials of 
construction. For example, the slenderness ratio of the coluzn may be varied 
widely, and the column ends may be round, flat, fixei or hinged. The preferred 
construction is a thin, slender column with rounded ends, free to move vlthln 
the races shaped to the curvatuie of the column ends. Kkterlals which may be 
satisfactorily employed for the colui,;ns are carbon and low alloy steels, 
chromium and nickel-chromium stainless steels, various copper base alloys, such 
10 as phosphor bronze, beryllium copper, the high nickel alloys and other similar 
materials providing satisfactory mechanical properties. Typically, the Indi- 
vidual columns are of long rectangular cross-section, with the width being 
greater than the thickness, and arranged so that the wider face of the columns 
18 nomal to the diameter of the .haft. Thus, vith sufficient compression 
loading, the columns buckle, and bend about the axis having the least moment 
of inertia, e.g., outwardly away from the shaft 13. 

For example, a group of columns 0.167- inch thick by 0.438-inch wide 
ay 10.626-laches long, with the ends rounded, were fabricated from A. I. s. I 
h}ko steel, quenched and drawn at 575*F. Each coluac was found to require a 
20 critical compression loading of 450 pounds la order to buckle the column. 

After buckling, the columns vere found to have a very flat spring characteris- 
tic, as shown m Figure 3, wherein la the critical buckling load and point 
C represents the load and deflection at which the stress In the extreme fibers 
of the column exceed the yield point of the material. TheoreUcally, the shape 
of this spring characteristic curve is described by curve OA'AK. Actually, 
this curve is described by OABC due to friction in the system. Points A end B 
represent typical- working Haiti, which, of course, may be varied according to 
the appUcaUoa for which the spring is designed. For example, where a lares 
number of flexing eyele> are not anticipated, a working .tress Just below the 
36 yield polat may used, while with, a great number of flexures, the working 

stress may be held to leas than the endurance Umit of the material of construe- 
tion. In the above-mentioned tests, the latjeral deflection waa limited to 
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epproxlinetely one Inch, at wUch the longitudinal deflection was approximately: 
0.225 inches. Prom zero deflection to the maxlmm deflection, the USO-pound 
loading i/as found to be eubstantially constant. 

In another teat « spring device was built, as shown, employing 20 
columns, each having a critical buckUng load of 1250 pounds. Ohe lateral 
deflection wss limited between 0 and about 1.00 Inches by appropriately posl- 
tloning the stops. Upon compreBslonai loading, the spring eleaent buckled at 
substantially 25,000 pounds and from a longitudinal deflection of 0.0k inches 
(buckling) to about 0.15 Inches the load remained eubstanttaUy at 25,000 
10 povmds. 

Of course. In designing a spring element as above It is advantageous 
to obtain the greatest possible value of longitudinal deflection for specified 
values of lateral deflection and critical buckling load, while maintaining 
the stress level in the columns at a safe level. lUe prefernri columns, there- 
fore, are laminated, as shown In Figures IB and 2, with multiple flat members 
loaklng up each column. 

In the operauon of the above expanding tool for setting a Uner 
in well casing, the made-up tool is lowered into the veil as mentioned above. 
With the anas 22 in the retracted position. When the tool is at the desired 
level, the weU tubing is revolved. The friction member kz engages with the 
waU of the easing and prevents thimble kl Arom revolving. With several 
revolution, of the tubing, W shoulder 38 1. mo^ upwanlly by dlfferenUai 
screw 39 to buckle spring elttuat 37 lAich has a predetemlned critical 
buckling load. TMs load Is tnmamltted upwardly against the lower end of 
expander », and its tapered surface Is engaged with the tapered surface on 
the inside of the arms 22 to urge the ans outwartly with a substantially 
const«it force proportional to the critical buckling load of the spring 
element. Subsequently, the eiQpandlng tool Is passed through the liner to 
expaaA it la the casing la the manner described hereinbefore. 

n» foregoing description of a preferred embodlMat of my lavwitloa 
has been glvwi for the purpose of exei^pUfleatlon. it will be understood that 
various modlf icatloas In the detail, of construction will become apjwraat to 
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the artisan from the description, and, as such, these fall within the spirit 
and scope of my Invention. 
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I CLAIM; 

1 1. A device for expanding a metallic liner inside a conduit which 

2 device comprises a shaft element, an expanding die member attached to said 

3 shaft element, said die member comprising a movable liner-forming member 
k positioned on said shaft and being radial 1y movable in respect thereof to 

5 contact said liner, an expander member slidably positioned on said sh€Lft 

6 between said shaft and said die member to move said liner- forming member 

7 from said shaft, and a constant force spring member positioned on said shaft 

8 to contact s€dd expander member and to maintain said expander member against 

9 said liner-forming member, whereby said liner-forming m«aber is urged against 
10 said liner by a substantially constant force. 

1 2. In a device for installing em expanded metallic liner in a 

2 conduit wherein an expanding die is moved through a liner positioned in said 

3 conduit to expand said liner: a cylindrical shaft element, an expanding die 
k meinber attached to said shaft, said die member comprising a plurality of arm 

5 members disposed around said shaft and being pivotable outwardly therefim to * 

6 contact said liner, a cone meniber slidabJy positioned on said shaft between 

7 said shaft and said arm meinbers to urge said arm members outwardly from said 

8 shaft, and a constant force spring member positioned on said shaft to contact 

9 said cone menber and to maintain said cone member in contact with said arm 
10 members, whereby said am menibers ore urged outwardly by a substantialOy 
U constant force. 

f 3. ae device of Claia 2 wherein said constant force spring member 

2 comprises a plurality of columns disposed around said shaft, a first bearing 

3 plate member and a second bearing pUte member, each of said bearing plate 

k members contacting opposite ends of said columns, at least one of said bearing 

5 plate members being movably positioned on said shaft and being in contact 

6 with said cone aeB^ber, atop means connected to said shaft to Halt tha '^ tr i f il 

7 travel of said movable bearing pUte meniber along said shaft, and ca^essiCQ 

8 means for maintainiJ!« a lateral deflection in said coluasis. 
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1 ^. The device of Claim 3 vhereln said ccnpreeslon means con^jrlses 

2 a differential screw connecting said spring member and said shaft. 

5. The device of Clalo 3 wherein said stop jseans comj^rlBeB a 
sOceve-llke element connected to said movable bearing plate member and 

3 Blldably positioned on said shaft and a member connected to said shaft to 
Holt the travel of said aleeve-Uke element. 

6. The device of Claim 3 wherein said columns have a rectangular 
cross-section, the width being greater than the thickness, and having the 

3 wider face nomal to the dieiuter of said shaft. 

1 7» A device for installing an es^anded netallic liner in a conduit 

2 \ihich convrlses a cylindrical shaft element; an expanding die nember mounted 

3 on said shaft, said die member comprising a pluiaUty of arm nembers disposed 
clrcumferentlally around the outside of said shaft and being plvotable out- 

5 vapdly therefrom to contact the liner; a conical expanding member slldably 

6 positioned on said shaft between said shaft and said ana nembers to ux^e said 
arm members outwardly from said shaft; a pluraUty of slender columns, each 

8 having a long rectangular cross-section and disposed clrcumferentiallor about 
eaid shaft; an upper bearing plate member and a lower bearing plate member, 
each alidably positioned on said shaft and contacting opposite ends of said 
U columns; limiting sleeves attached to each of said bearing plate joambers 

12 and eUdably positioned on said shaft; a shoulder member oa said shaft; a 

13 differential screw element connecting said shoulder and said shaft to apply 

14 a buciaing loed to said columns; said- shoulder being engageable with the 

15 limiting sleeve connected to said lover bearing plate member, wherely the 

16 axial travel of said bearing plate members is limited; said column nembers 

17 tranamitting their budOlng load to said ana members to urge said ana lasmbers 
outwardly with a siAstantlally constant force. 
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tiwr * Tr^*g took M iA lavtBUii^ • avtMiUA uaiir i« • «cll. nALiu 
n^a» 1> tllartnibvp %N( *iail« otcUm of raoh » ^oal. Mft flgnra 30 tt^* 
W»U tM 9fV nvttn or tta taoi. Iko a^Mri ua^ tM^ U It «MMN* <« 

» 0 <i«n ^ Advi) W 4»«»t la Ita •MM «i «>i«h U 

«oU» n alMptvO wrttaUy wnfM^Uiv fktelciM fro* ■lw, mmI* 

)|«— * i« ofcwod lA joiltlsB ^ olMMTl si Itft iv0>r *>>^ * cyllsdilMl 

•te«3««r iiiirtii 16 mmi, m% \%m l0Mr oA 1^ «0««iwi « flxvi>»U«p ««puA« 
1^ «U IT U Cla f « otf • uiwntrt djwJn oono mmb m» « /tKW 

■Iwji ^MiiMfll^ in 1i 1trr ■■ I" ^ uvnAiac «lo U 

flxad37 otMcted to • ewtnUy Xoamm, tlnnfrttfl erliaA^col liollaw vteft lA 
liOci^ tow o «artioa of tte 'Mi^or tte ifloX. te «te)«»« tft* •syMdlat tte 17 
U tell SB 9lM teteMm a iMvr Mttter nA MUh^ n tftmdad «to tte 
ttcft. .A t^anaiW er«D«i»te» gMM^ 't/nnUmt, aatmnUw 
mXm0A lerttoH 0 tte U^, mim ftUj ott i in tte torn oC » qrUater 
JiMi Alfi 20. 9te Ml«r«ia ToriUiM «ff 1M ww tS « 
wHly Miteo% «te Umt to inflDM tte Cua ttet of 
Umt 1^ • odtetHlSoUjr vrUMTlMl tf«po. Ite om i tefc iii K «n »i«>t*U7 
^HoeteA to tte aMtt oD 00 to to aowblo ovteMftXr tte vteft l« & \iv«raA 
r afc UlteUy BuaUiaoia A tte otefft t« t 



€urt to Mfftft vLtb tiM oMo od vto tteM ottMarUar* Mti«vt«(*o>»ly, tte 
« iflcsot BwfM of tte ooo 82 mA Uo ooeuite «BAn wqpMBA » 
m MKtMA VsAoUlj ootefpuL lA «te»*. tto eivmlte or tte ■» 

atebofo tf tMinUfA >r fMltlM or tte tester » iklch te«to vmAIr 
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Pagelofl 



T36eS8 

hU) It ewtwts aMUUir t6 profited m «« vtaTi. A« 1% wvmm m « 



tli^ «ta nvii«>«tM» 4te Mid Ud wsOM- 
dto SB «raB Unh^ tfe* IW^ to fXVMil ti tM is Ika omUk* 

1 artHi«3y AtfOMt ite wU ai «l» A* MOMl-««a«» «1« ttM 

•VM QwUci WU«M tt4 liMor ni 
4to wu u« Mdat oft «mKt ^ nM4-u#A m^- 

««i«llaaw Ibr Um» Mttiaft tool It M iiia i i i st ta* ivfaM, w 



tKlA Ite mU «K tto JAOKtSaa si vbiaft tSM liaM* la to to Mt^. A nqpAA, a^h 
M OAl» tm Omi VMvad fraMwa tow «M w^L m& flcMt IkiwA 

iar 39 ommtf ' t» tl» aaa ot tte ateoUcr ^ tba apyilB^c* ^ 

nsU fi^mm tA tto ^Uator, «ba ylvfeaa ^ aMa««« to poUatod rod n ■»«« 
iVMrt3y fla «fii-S« l>. d. oeM» loi 96 MMiU fadiM md 31 iftd ihaft 
la 1^ «M«b la MmWd «k* fiarrt-aUca tJi| a *HM dia 17. -Vbaa tta psam 9l» 
I UM VlsaSw ^ tto aivaadusdl* n.iiiA CM MOBid- 
mHIt dBlo ihi iiwiiuMiil UM* I* Ml ^Im ^* 
Ifaa amia^tlaai i» tta limw, m tkat «te wi add H ^ 
t—^a, vAix of tka eoalM'to lOfttaUol. fwidSoM* tm tte 

alart "^'T** «M amirfftn mt^vi la a antaok rooroa Bjalas aaobt r 77 
i* m^LofmL to w«i tko oiv>i«Uc aMter afpiwt «l# «^ptadl^ ow » «Uk k 
nAatwtiaUr aoMUBt.ftroa. Tte ro»«a axartafl dciUwt ite «i* OTriMf* 
. p.t»— ^♦4>iiy MA^taat, ttm foroo \rt«i«altt«d thrm^ taa aim altera *o «** 
Udtr ^ ta ilM daaUf nU te pMmMiVW- MMt«« U«t alte tUiMac 
aC Vm tool » oMlat «r n^atem -tto coid^ J« j iaii l i rt a ft . w eraroa, 
e*«» fro<tN* If •to iBPM« W •"■•l*^ 



!l?Z?i 



M2 
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ISISII 







Em 



736288 

teMD Uw tool >i« U* ISM Md ^ srvMm «aHrteA 4#«Mt Ite m»- 
Till ftMSTM ttet tbi MviMt #rM««r« Wtvoc* Umt fontfae vofL^^ fl> 



mAw 18 fendjw ft |avU«K 9i *«iKinBMal Mm H" 99 « 

ritar ia tft tM evIfUi «C iMik am «^ Ml* < 

r UK0rtM IkvMft* ^ Pi tM ortalft* Ml «i* iMito, 

I «Ctft 4la*Md0 M m ttftft €Bft «b« Mliiv. 9m tao 
M%« niTMii mw waM^ mcb 4« ftti^iw* ■oUflaft •v*r*f «r 4m 
1o ki^ iMl* Hd «lft«v U ntdb m »«» AMikter 99 M MpMd 

^pwrtlr ^ aten lA vteD lbs CM 1« Mwiint nUtm ca tttMte Al. 
tti miwli-i- 98 1« VMM 1* tte itaf* 1» V tf liw 49 ■» BMft It Ma aUi* 
Iw^ltiillinnii tat St 1« w% CM to xotvto Oft «»• Aitfk. VLwUy attMhad 
to tte IMW «ff tte lldiKto U a Mlsttaa t ifca r, wrii w te» unaii M# 
a i««nallod3rM*'i^ ftloUw |M» or «ttor raeft «««laa to fM«u«aali7 
|.«ltli ito taal^ wXL of tta aaB4aSi to «c««m «m thtaKIa t^lft»t 



r Itowia SAi Sa toa < 



mHa iJi, 

tM^ or 96^, «JU taa sitA MM* Wiat ^ ^ ^ ' 

■nil, «]oafc-«laa rH«anuoa of ^ Aatt salaUTO to Hm ttUAila 
telAar -^tor >9 to OImm ^oob* aUtfAly a oaoMOte Soaft t« o»rtoi 
^«xUr Oft Ofrtfif aloMM 97 «a sawe toeula^ Vtor aai«ito, ow artiaflMtoBj 
ftUraiwttol oa«* ^ ^* V ooa-tolf itoteda/lBO^ vvm 

tkM^ «■ ft «Mrt4BRidMitid7 L.T-laeb ftSUlia d i —to ff aaft tifa ooC U>«^> 
tvrton tte«^li^o«h oqpMW IhiMdo a • iMIMt ojpt nUl o ta r fl.Mw^ 
toaUs 4iMMrtar. 



• J 
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■ iw*r »a« of i>« 
iiM leretor tic 



«7« 



•lift itevto unOA trtrt «r nvrtaro «* ^ 

TTiT-r- Antfoiv, « c*ir of «to»« ^ mA IrS* inmHAtA fear pv»M. 
At ^MB, «» ■» rtiUir «ao»«»ot M t*o Wtaie l« 

r MA IMT pooLUonOA 

m. tti orio or tAo vtovo mt mm 1 
f»W»«ooli otter ooVvlMa cm tt»*qpriM»^>'«rt««. lowp »Uew k9» 
1. fwmtoA f>«ii««lAg loa Vr ataolAav Sfi .MMtfUA ^ -ten Ift. 
ttiwNs, «te nmrti litju tte l.« miA m to UaL^ M» loogltHdlaa 

or cte %o«M«is mrt I •» ♦o^«te» io 

4«ffM(»ooer tteaol»«iooi*^7. olW-oti^ i 

ia^ - — f- Co oelMD o> olift W ooyXovvA* ^ osnp]*, fU» «r 
vla^ o«Mt^ s tM ot^ o^r oorw Oif onso* ov Ite «o«»r 48 pro*l4oA «6tb 

NBd/v Utona ooffloctloo oolan*. 

«o otaM nf ti» cAlM clMti AJ Mgr simcvA «mA tiio 
«feiftlA» ^AooolMlnvCVNI A9«taM«rttoMlraf 
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F^lof 1 











mi 



ricud eioMly tacRttaiv m aham, v ha iimA Mvwd U« wMh icpi*- 

«B»%#tt«tUa. Mr mmgim, IM *JMd«iBi« of Mm eolM mlM 

IMW iTHii to mn mtm^ m «!• Mtan v^. MtMiala vlitA to 
MtU|k9««rll9 a^MgiA far «to Mftw tf •wto. Jon aUiv al^to, 

M« atutol liiwii** •ttfaUw 9tooi«, Mrtm Mypv •Uitf», 9tA 
JO M i«wf^ to«Bm, »wylltM Mvr«r, <IM alotol a)lav» Mft ottOT Biidlar 

vtiMX torn M* «r kBA >c ttoi»itoi f ctcm-mMvv ^ 

1« ■wil to %to niMtw ot itm atmtu lto»^ «lto wfltldib «Qn»MBl« 
L>.«jn^ tto iMiliMM Mkl»« «iA toai ataii toD aBbi tovtof to* ldM% *ma 

fbr «aH9a*. » r«V fltf' mAwm 0.l6r-]Mh toick. «y o.43a-SBib vlOe 

Btoai, vwM w« «mM «t S79*f • «abMB m f«M to rvvUrt » 
fit) critlMl «v«MMlflD lovA^ ex MO po«A> !• to btoUo tot toUMa. 
. ACtor tte MlMM ton f*tnt to toiw a fl*% «i<ru« ciMf«etoil»- 

Me. M itetaVUmJ. ^iif«i«P«totot«ilttaatoefeXu«lM&«^>etM 
0 I If I tb» WA m4 deftoeiSoA at akUli tta slrMe u toe e rti iM ntan 
«r tot Mm aatoaft tto ^laU YCMfc of toa iMtottol. AmivMmUti toa atofa 
Qt toU iprtoc atoMatarlvtle mm U daaarlWa V «Wto QA*UO. totoally^ 
toSe earta la dtoerttai MM «iM to Metiw Sa Ua wfHm. nr««to A «« • 
xw«^ inlfltti Mtoft Itelto, iAAcI^ at wmtm, to mricA accMtiac to 
anUaatloo ftti> M4xk toa avrUts t* daalvaB. fV mom^, • tosv 

ohMT flnUc an avt aotlcl^tod* a wrida< fttxtM >w« tolov tot 

JO |t«U folii^ My to aaaA, >MU irlto » fitai HMtor of f3«dv«e« toa wktof 
attmrn %a tolA to laaa «toA toa toSmto* of Urn aatortol MMtne- 
■tSoMA toato« toa tototia inmaalSwi im Uaitoi to 
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Ml 






, m aiMB In ffifaw XS oA 8* «Att»lft flM «Mft 



la «^ MM Brtr u tool ift IommI Uto tte mU «» aftAUcni ttaro, 
at Ik* Moai'ot w»»^t« ttUU* 4i cms mibMv. ««.t* anmX 



Mxw 5> ta -FTlM 3T 1m « w^UimaAe^ «sll««ftl 

iJUlMlir — " * — * — ' 



. II 1» «Ci «MI Vm a«CMI«l9 vitt ft 1 

tM iiliarillH tool U p umtA Vum^ tM llMr ta 



Mft w m «i» p«po»« •« ««"*ii«««woft. xt idnw •-^tftod tiimt 

,„i„„ a^mcftftKM ift Cte Qtf «flMtmtt«» «U1 ^ftM m^fmnt to 



r 8 - 
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